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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method and a device by 
which sensitivity is remarkably enhanced in mass spectrometric 
measurement on the basis of resonance promoting plural photon 
ionization. 

SOLUTION: A method and a device are constituted in such a way 
that a dispersed stream of carrier gas 120 is generated by the 
carrier gas 120 expanding in a vacuum by passing through a nozzle 
40, a sample molecule absorbs a photon in an ionization zone 126 
of a carrier gas flow 120 and is selectively ionized, a sample 
molecule ion is generated, the sample molecule ion is pulled in a 
mass spectrometer by an attractive electric field, and the sample 
molecule in the carrier gas stream measured by the mass 
spectrometer is detected. A continuum zone of the carrier gas 
stream .120, a molecular beam zone of the carrier gas stream and a 
boundary between the continuum zone and the molecular beam 
zone are found, and the sample molecule is ionized in the vicinity 
of this boundary. A resistance (xT) of this boundary from a nozzle 
outlet opening is found, and the sample molecule is ionized at a 
distance of about 0.5 xT to about 3 xT. 
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Mo^^*^e.®^ii (xi ) mibibn. ^y^)\^\t 
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MtJX)Vmu^am^<h<n^M: (x) ;!»Jft<ICon 
XJPaiPMPSP^^ScDElSI (x) *i;^5lcS<&-3Tt> 

*^**e.n, ^y:f)v^^i)\ m^w-v-yt^^\d- 

^lii©. yx;i'aiPMPSK*^e)©Efi (xi ) ifiim^ 
n, ■y->7'ji'^^^*<, >'x;i'aiPMPS)4^?.*ao. sx 

T ~*«j3xi roSgSi (x) T-i'^J-Mt^nsirtSil^® 
*?J0. 8x1 ~i|!<j2xr , ffSb<«*50. 9X1 ~m 

1. 5x1 (x) -C'i":t>"fbsns;it£#mt 

*«j7cm*jK. ifSL/<«*«j3 cm*SI®jEI8 (x) T 

■i-tyittn.^ ztmwitt^m^m i ~ s wtn 

[W 5 ] 5l*««*t. *«J 3 c m*)S. fiF * K tt 
*t, »0. ism ffSKB*50. 0 5*iK©/'?;i' 

*ms©KicffiS5 mzmmry-)v k »c ct ^ TiKSSs n 
5 tsitmfr-sif*^ 1-7 ©vii* n*^ 1 5tia« 

©;&S. 

t -rsif 8 tc|3«©:*)*. 
9 tiei©:6ri*. 



8 ~ 1 0 ©vif n*^ 1 a(-iBiit©:Sft. 

mim. 9 ~ 1 1 ©t'^Tn;^'' i ^itfHS©::^^ 

K;5^ e. as t $1#mfr5 9 ~ 1 2 ©Vi-f 
10 ^(cgEt©:;^*. 

i:?£i^Sti:-r'&ffi*JBl~l 3©V5fn*^iaCIB^© 
[»*ai5] APMPS»*«Afc*f(RlSffi{rJ:oT 

5l:^s«*»f?4L. ■y->7';i'^i-i^©'f^>'(b©fi5icj!fffl 

^tltzMFti)\ §l;^m«(rJ;oTAPlBPi!*at>T^ 

[fijsffii^ic5i€riitns c t sffrntrssi^a i ~ i 
a? 4 m^ffiii^ 1 aicte«©:*rfe 

?lji*Sffi©8Ett±©*fi3S,'i^-^3^t)^.iBSSfc^< J: t 

t -rs 1 ~ 1 5 ©frsrn*^ i aiciast©* 

ft. 

isi-r^w^jfli 6icts®©m 

[W*J« 1 8 ] 3l:*3tt«^4?lji*«ffi(c|^tt-C:;*:«fi 
JO li&©«SJgjS®a**. 'f:t>ft:v'->t?ia*Sffi© 
W©§I Am«©^^t!!:S©ffl^*iSH* 5 r t 

•511 1 ~ 1 7 (r>\yffilp 1 JKlcl5«©:^)S. 

1 8©^i-rn^u:^(cfe«©;^)£. 
[ffl*«2 0] 3mmmi)^> i)-yX)i'6^'f-i:ty&-i. 
tyit'/-yii^^. 5ia*fiffi©i*iW©. 5i*®JS»^ 
5iji^!»-effi©*aE«i±o«a35,«-c3?b-sig!S»c#< 

[if^«2 1] nmmthx^)yv^ voym 
iHT-5:ii:s#®fr5»*wi~2 o©v»-rn*ua 

nAuaici2«©:i&ffi. 

[^*:«2 3] *^4"N©4^^iJi'-;yx©0S(CJ; 
oT+t U-\'-;y:^©%tiSt&^4^-a-^/X-ik +t 

50 %=i-^wu\yxmim\z^tyvc^nx^yX)vi^'^'i 



( 



( 



(3) 
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i o TMfi^^ Wfi-I*l > ^ > * 51 ^iiitf 51 

*®S5S^¥gS^tl+t 'J t-:tf;^4'OlJ->7';l/^^? 

+t 'J-\r-;9xiiit(i20) (cc)ViT^*e)n.5a«t# 
>/->(i22) 1 u X;K40) ffl □ 
85 (44) ©ESI (x) iiifg< l-on^STTS) i+t 
'Jir-:flX«S(i20) »'':5tiT**5n$^^^t-A^/- 
>(124)(yX;K40)ttlPHOgl5(44)?5>5)©SgSf (x) ;*t 

(c{STt-5ritt;^W +^'J-^-;«fx8S(i2 
0) fc'r>triT**f,ns^^#jfi»::BBS$nfcrt&<t 

a^mi)^<E>mo. 5x, ~^3xt (xi tt. 

'/-X122) t»?^fcf-A'/->'(124) orB^®^»®. 

yx;K40)ainMP^fi5(44)}5^5)©mgs) (omm (x) « 

tBPMP«5(44)*>&iKlO. 8 XT ~$52xT . JftK 

(istjo. 9x1 -mi. 5x1 ©Ei8s*rs2:a:$^ 

[i»*J«2 6] -1*:t>-ft:'/->(126) *t. yXJK40) 

iBPP8PgS(44)75^f.*tI7 cm?^)?^. ffSL<a*«j3cm 

(x) ^^•rict^i^mtr^m^m2 3 
-25 ® t-i-rn*^ 1 JStiHi(©gB. 

$f $ L < 2 c m^mof^m^^-r^ta^m^v^^n 
m(7i)m^rz^tmmtt^»^m2 3-2 6®^^ 

tif*«2 8] /X;K40)/6<, A;i/;^jbsnfc+YU 
- X fig (120) ^ -a- /t;vx ^ tifc y X;PTS 

-g.j:i:^#Mi:-rs»*«2 3-2 7 (DUttli)^ imiZ 
ltt*JB2 9] iiSO. 1 5*jK. ff*l^<tt*50. 0 
;y;^St(120) /i;l'XSnfc:yX>/K40)frJ;oT^4 

Bri6T*.5;it*#mfr5»*S2 8tiEa®gg. 
[B*ja3 0] gs(io)«s, yx;K40)t5ii^*€ffi 
(zDor^icEesnfc^mv- hob) stt^fcj: t s: 

#M 1 1 •51*JS 2 3 ~ 2 9 OVifn/i^ 1 ^ICietOg 

s. 

imm 3 1 ] ->-;!' f oe) (7i) & 

:mtms2] si>«v-;h-*(96)*j, ?ijii^«ffi(7i) 
®W(ciiifiM^»r5liA:*Slg(7i) SrBtO H^&•^: t*«f 
ait5B**« 3 1 te«Ogg. 

m^km 3 3] H (96) 7)^*, + 1 'J -t - :y X 

0 ~ 3 2 (Dl^tnUl^ 1 JKlCl2«©g«. 



t:<^mtti>m^m3 1-3 3oi<»rn?5n«ciB®o 

mm (oxD^ammttaomamioQ) ^^t^ 
^.t^i^^tt^^^ms 0-3 4ot5m*ujaicE 

10 g5(i20) <Dn^m-oxa:.ti^i,w-m\z.mL, ?iji*-ii@(7 

1) lc*KWtc*fS;;S:M(^®ffi(88) Sii^&c i -^t^mt 

. 'r:tMt;©l5tc&ffi$nfcfl^*iji^f|p]llffi(88)lcADii 
tffc*0APMP8S(92) $^TS*fl^«ffi(88) ^mk.1t 
JltSl^iit-r -5^1*^2 3-3 6©V»1*n*UJl{CtB 

[a^«3 8] §ljX*.«ffi(71)*t. <:j->fty->(l 

26) ©;&iR]©SI84J$:3^1.iSS*»W(c*U;&tiJ:<i:* 

io #«fr«ii:*a2 3~3 7©ti-fn*uwciB«®s 

[W*S3 9] ?lii^*«ffi(71) 

©:)&ifli®SI» SJt'o^l.® s*g U;^ v^M [«J«ffi (8 

8) ^m^tz z t mmtt^fSiK^ 23-33 ©v^r n 

t y^t 7- > (126) *> s , 5i)i*tta (71) ©F^a©*« 

w It 515x^5.^® (71) 0mm±(Di^m^.^ (74) r^^b 

J<7 e:t*#ISi:f'5«*J«2 3-3 9©Vi-fn*nJStClB 

[»*]^4i] mmio)f)^. ^m^mm(7i)p^]zmm 
^ntzmnmftm^mpi. m^rmm^ m!H3SjS(74) 

*ji6;itiS!S(i30) &*-r5ie^*gfi4)-«ftf(56)*i 
6#fM!-r-5r<!:*#ii<!:-rsW*J14 0 ICtE«®m 

(126) i:§|ji*«ffi(71)©M®?l*ll®©#Sffi®(12 
8) ®ft**il5*5fe*©, 5lii*«ffi(71)lc:|^ttT± 

flfi«ffi©««jg^«ffi (80) AS ;i <»: t-r Si» 

^ *:«2 3 - 4 1 Ot^-fnTi^ 1 JStCt3«©g®, 

(126) t^|flJ«S(88)©K©?I*«ii®f!tt&ffi(128) 

®ffi$*i^!i6Sfc8e)®. Mfpj«ffi(88)lc|^iST:*:ffi«ft 
®S«JgjEK«ffi(94) <h^|6]SS(88) <£{t;iS Z. t ^^Wi 
tt^m^^ 2 3-4 2 OVJ-fn*^ 1 fllC|S«®ge. 
[^*J14 4] ge(10)*t, HSi^«ffK56)l*It?l# 
S^^nff*)-y':f)V^'f^:^yi:. «fi^>#rtK56)®«lfc 
*KW{c¥fT7igKfc^ < -f :t >^^S<j^g:(69) ?&{| A 
SJ:<i:S:!t#iifrStt*:S2 3-4 3 ©V^m^Ufll:: 
5i9 G«{©gli. 
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(69) ^® (74) Jj^if >-/;i'^>? f t >«i 
?S (130) (D^M.\t-^t^J^o \z^\^L3^■nM(.n) tHffi 
^i-«Tlf (56) (DfSi USHSS nfc d t t "T* 4 
4 IcSBiiOgS. 

[Si*JS4 6] Ma^^*ftK56)*t!;7V-i7ha>-efe 
s ;i si^git-rss^Ji 2 3-4 5 ©ti-fn*^ 1 

[0 0 0 1] 

5. 
[00 0 2] 

[«e*®fi?#&l/fgM**«lftbJ:'5tT5SI)i] Z.<D9 

-i •:f<Di]m\t. m?iU ^^'^mm^%=f-^ty\uits 

onance enhanced lultipboton ionization) j ©^^IT 

i), r©S^RSffl^^•5i:, i.K'3*>©a^®-y->;/;i-^i- 

^tairiTli. ppb©jSS«Sffl-e«!l«75SpIlg-CS5 

e:n^©^SB> MA«^-f:e-^v>©]iRaj£t 

■pV^T«+^^T;ftl'^. 0iJ^tfE}Sf;tfX4'©H7CDD© 
:i->5-1'>StelC-pV>T. H7CDD©'f^>-ft;$75«ffi 
©;i[£5?»;K'fb^'^©^ntl^^fcitnH ««i3tffo 

[0 0 0 3] W-oX. *^HJ©S*W?4g««> ±12© 
J;^;ii?'-i':/©:/n-fe;^<&5feAL.. S*?t4^«ttlc:T5 

[00 04] 

[SjiS»St1-^ifciie)®^S:RJ^^W©^*] 
ctst. ;i©@Wtt. 1 ©w[SgB©<l#ii> iP-fe* 

\^)'^-)i7.mm^^v-y\zii^^x. ^^')^--» 

XiSSfi. yXJUaPKOSS^^SroiSil (x) ifi^<1s. 

(Dmm (x) ^iS<ft'3Tfe*MWic$eiciJ®T-& 
•f, li|^«:y->tiJ'^f-A7->©^^©i^l?;4*** 



^l8¥8-2 2 2 1 8 1 

OPfl©:^#lrjfilW:t>'lb7->{li3ViT'r^>'(b^n 
[0 0 0 5] MMJ-fxTtt. ^^^^-1i7.m\t. 

%^^<r)m^(omz'&m^\z)k^\z^WLt^ox\tt£ 

sa(cfett-5ti^i;yx;KJiPMP®)!i^^©BgSiT. s 

[0 0 0 6] +-v'Ji'-:!?xMSB, ^\U\-ji7.i&. 
i^Cpar tides) ©iSfii^*®i|@J:01^®:5)*Taf«S 
ns. C© rafiiiCtranslatioDal) iiSj tSUlC, ffiic 

Xt^ii^, c:n6®®*tti|f^®^fl=Tlc:*t'iTti, M 

e., c:ne®ia«tti'^-ftit>yXJi^tttarea^*>&*K 
mzm uffiBt-cg/htars. 

[0 0 0 7] :^A''J-\'-:yx^j'?fc*ttt?;a;<SI^-y->7 

m^<Dmmtm^\zmm^tifi^r)> ^rc^^r'}'v- 

^®ms«. u-\'-:*/xfiS tragic yx;wmaM 
□gi5®i^i;K»;5ie.*M6<jir^n£(±KmL/si.^. tib 

HIE. S.r/JM8ilfcS:^<jaffi®i^^Mfflffii:bTffifflT 
•5. 

[0 0 0 8] /X}moma^tm^um\zmt^mm 

fflK©+t'J1'-:*/XSS0^I«<& riK^7->(conti 
Duum zone) J t^t, 7 X;UffiPWP«e75^6. r®a^#: 
7->J;l3$e.Cife®+^'J1'-:^fxfiiE®ffiia^£ r^j^ 
tf— Al/— XiDolecular beam zone) j tWt^. Jt'f 
:t>'fb®S*?{4tt, +v'J-1r-;yxiiit® 
'T :t >-(b7->®-!J->7;i/5^:^®SS*^fi< fi^ tmixi 

[0 0 0 9] •tf>7';v^i-T^£^ait-5yn-fex®Stt. . 
•y->7';w^i-?©sstc*KWfcit«iiiu /x;napiip 
SI5*»^®lgit (x) *ig<;ss;itt#'5=^rur-;«f 

XSi5©»tO/cJ6, E^x©g«(C*«WtcSJ±^sJ-r 
■5, *^BJ®S^|6*iS3glcJ;^i:. ilO^tfiT'D-feXtC 
*5ttSSt>pI«6tt®fe-£.iiJ?tti:^Stt. aM#:7-> 

t5^^if-A7->®ffifl /xmmtyx 



( 



( 
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[0 0 10] ::(OZ.t\i, •^yf)U5^'T0)th^^tdi'f± 

/X;i'illP|}lPSB*^e.iKlO. 5 XT ~iKl3xt 

co^fi (x) -r-f :t>'ft;$n5o sg^xi (ill 

[0 0 11] /X;i'aiPBBPS8*i^*?jO. 8 XT ~*>J2 

XT . .$e.('Jf*L<fi*<lO. 9xt ~iis?)l. 5xt © 

mm (x) T-tf>7'>ii'^i-T*w;=r>'rk$nsci:75%ic 
MP«iK*^e>oiESi (XT ) y'xmammtyxjv 

2.. yX;i'ff*itHPitgtt. =^^^ut-;y7.ss©aSE 

- >ifi. J XJPto P Bl PgSA^ e ffl¥i^K8iTiKJ 7 c m* 
[0 0 12] $^tc:, =^r-^U-\'-:y;^®Wi/XSi!!{i5AjU 

)\'7mt. *50. 15*}^, »SU<(iJ»0. 0 5*)« 

fc, ft*Xaa3i§lJ^(snou t-shaped) ® 3l2:^»-«ffi(pul 1 i 

ng electrode) (r<i;ciT?(:^tt^(elecfricarpulling 

t f :t >itv->m<omm(o 2 ^.t o c tmm 

- > i y xm p M □ gii© w®sgfliA« < r^y^ji^^ 

nittb. 'r;^>'«sjf^t§iii*«SAPK®> ■y->y 
[0 0 13] /X)vt^\tl^tm%^^^^i^mmt0ms^ 

^a'ftSfc*. /X>i:?lji^«ffi©PBllcBB@$nfc» 
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[0 0 14] sfc, ^m>'-)\^v^m^\Mi^(oi:^\z 

iO ®?|ji*«a'\®^f5-&aJtA®^^?!i*Me$tl-5. / 
X;HC ± o T± U «<»r S A^®S*:*> & SI**'® 
fc««-r-5?£:*. ^S-^-JH***. 5lji«.«ffit*lc5l 

[0 0 15] APMPSB*aoTi!?^5'-;WH-lc 
Tffl P 0B PgBSSo T^m H;5^ e tii -5 + ■\' ij 
•ir-:y;^Mici^T. +t U1'-;*/x§it<i:§IE^;^ms® 

w®m:ij'N©x«?iji*sffi'N®+ 1 u ■V'-;yx!ia?-® 

Xi!S©tt<£at3 TJ[£;*i^.¥ffll-*HW('S?*li;(ant isym 
metric) 7i?l:^m^£%4$i3:^Ci:/!iS»Sbl/i, 
[0 0 16] APSPS8S*-r-53**lfilSS»C<J;-3T5l* 

itJ®;^«^*tv •9->:/;i'i)-T©'r:tMb®KS!(cf?8nfc« 
■ APMPSK*aoTjl*|fi]mffi(c?l:^««tc,toT 

cjnii $ ns ::n s ®€? **»*4^*f ff- tcA 
^x^i•1•:t>lc^^IPISffi®affl©^^?^Sf?^u, xti^r 
'J-^-:^x5J-^S'f:t>{fcS-a-, ;i©i'5»c-y->::/;i/4J- 

[0 0 17] sfc, ?\i]mm\ ^yX)v^=F^ir>^ 
-ityitv-yfj^i^. ?iji*«g®^ift±®§iii*-€S 
n^(Dpim^Mji^m.mz^t>^im±.\zm< ct-^^m 

[0 0 18] fta!ft1':t>5t^^«»Maofc*»'tt^ -y- 

> ® ^ Mt;tJKa^^«TH-®tt© Jbxa-^® i5 

«fff^*>5s•Jal•r«. :i®<fc5{cbT, t>tt+v'j-\'-^ 

x«l[?xts-y->y;u^^^/«^«»^^tfH-©t(cfi£S[-r^ 
<^:!r<i;s«s^^•«fl^®x^®ifeTo^>{k-Cl^s^±3n. m 

[0 0 19] 'r*>'(b7->i:?lji*-«@®H©?IM 

;»c^efi®m«jgfi!cffi@*sffa5^ic^«i$n;t«^, ^ 

50 OiggtiO. 'r:tMt:i/->®«SS?««*^^5lji*l 



9 

[0 0 2 0] »g^^eTt|-»CA-5'f:t>t'-A©M€a> 

^ors:mitm\zmmuit-:^r-5}mr&r). -ity^ 
[0 0 2 1] i':t>Hft©«iai®rcae)icffiffl$n-5^'-i' 

M^i-fflhibT'J7^^ hD>(reflectroD)Sffiffl1"^. 

fT5*(t ime-of-f I ight) H«^^#ftf-pife , M*«-«rtf K 
ilA L fc-f :t >»5ff M«» (f i el d-f ree)®:^S:-^jS 

m^ziioTmmzMiiii^n^. 

[0 0 2 2] U7Ui7 hP>®ilffi», rauHfis^f x> 

i)i:^wmzmcr$>^t\^^^rz^m^m^-ri>, it«(W 

[0 0 2 3] mnmmmrmt:>n^^m^mmm^m 
fiif Ktt. ::<DMmzmp\zmt^izm^t£^^^tiii 

^6n-5.ii:<£«*i"^. fip^. ^\tim^<Dmm\z^ 

[0 0 2 4] *%H.g®SftUt^®«t*5I^^T. #»Stt 



#ffi¥8-2 2 2 1 8 1 
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-SyXJk )te^^OM(CJ;0^-\''J-t-^f;^SiE®'f^> 

-fk >f -e-y- > zfiv^^f-^ y^^m^it^ > 

mm. (x) 75^g<;ft-5lc::3nTt16;TT5) t+-\''Jir 

•^-5tfx}i«eyx;i'mpraogBi6i&®EiJi (x) 

[0 0 2 5] *^HJO^MfS. +¥Ut-;«fX®a^<*: 

M®Sg®*^/J M5!«»*JK 24~37. 40~47 
®£ST*0, ^®^mf±. -^«JI2~2 2ICMLT 

[0 0 2 6] iS^^S 8(Cj;-l)*^HJ®g^®M%«, 

»CJD5^ S tl-f tC r © V/- >® ^5 t o &:g 

0f^ffift-r?>. ^®-i:«. 

x\t-*)-y:/)V^^^yfy^thrcbt 

[0 0 2 7] Ws^JBS 9l'<t^*5!BB®S®®BB5«(i. 

D-Y^tMb^nfeft^A^ Mi^isffit3ia*effi®HiK 

Em-^rirc'ityi\:.v~yt3r:h^mm<Dyj\^\ziumi 

L, ^-v- ^'7-iJ7.m-^\t^y:f)\^»=f-^mmi^ 
ty^tz>t%\z^\:'i>^tifihi>mmm^^y^'^ 

[0 0 2 8] ^^MffldCffiOtt^Stftfifft, i>:®l5JBJ 
lt3®S8fil<£^-r0ffi(:<J:t3TW6*^lc;feST*5 

■5. 

[0 0 2 9] 

[^?^OlliS®J^MRZ/IISSfif!|] iaUC:5^L, 



( 



( 
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^thm 1 /H IJ'W, &I/ffll5Cit^|/<i:|Blt(Dttl7&* 
-rsm2/W:/i6<&«A> mi/'?'f7'14roiMl5t^2/t 
■i yi6©W17H. 4'*^«cl8!{)<il/H 7l4 tl6®|*l6B»C 

[0 0 3 0] tf-^^^is*^ e>±ic@t;s^ i rj'w© 
±fl!lEii20tt. ^i/H^wtl^WT-eoitStt^i/i 

A*-22©Sg®«ll 1 T'Miii e>^nTli-5;S:ai». * A* 
-22««SJ^(j4*®nft<^SJt#24i£3^;l, 3£}^ff240 
Wa^lA-f 7l40ttl5i:¥fft|6lt. *M-22®Hffi 

ia<jrllivw::^i4®tti5;4ie.|^i:KBiT. ^©IftC^f 

>!r03^jt#24tt-?-ntl^«;4;^J^ K»26$$^L. -t© 
[0 0 3 1] «5ft^tt:/nyi7 30tt^?1' H»26C«ttL 

riStm;^-22(D±m\znbx§s.^izbrmnBt:tv 
34©ii^Stt*6^^)#^t'J >i'28®fi:gti-3T^fl5t-« 

[0 0 3 2] SStbmf) >!f2S\tPimtlf^-:^U 
-h36*3^j$L. C©P3Jg*n-:/l'-h36liflllT»o 
TilLg*««^/h$ < < 5£}$/U:/38©±)«$HD-5. j: 
®3f^/W 7^38}*, ;?7/N*-7'U— h36t|S|i|tt-C-^nj;t) 
itg;5J/h$<. ;!!3A*-7'I/-h36®Tii5i75>6T*KJi 
If. $6*#lt'J>i'28SaD, S^tC'^D-X34. *A 
-220MPIS. R(y;mi/1'1'7'14©±gP20*iil3. tf* 
^«J18©±^Ci£t^f^^^«14T«lt)i), 

[0 0 3 3] 3tjt/Wy38B, -tCI^SStClggSnit/N* 

XJi/4osTStT5J$r 5. XMo®ic 

/NVi/:;^yx;i'4o©4'*©aiPiBnsw4$^-r^. 
[0 0.3 4] A';i':^/Xju40tt, i^ti5nitg?s-y-i'i';i'T 

A-;i/7y XMO^MIflT-S d <!:;0tTt^SiJ19TA''f x 
(E^-B-f) \z. Umy^y (0^ii-r) lc:<koT»St 
$n5. a'j1/://x;wo©appipSS«. 3a#/H:/38 



(7) !^MiF8-2 2 2 1 8 1 

t l^fiti©/H -^i^'my'i >46lc J; o T+ 1 U t - :^ 

[0 0 3 5] 't'ife^^lSA^ ^T;5tffiWf2>lg 1 A-f T'M 

©■y-i' v 3 >iKicj*s?$n^). 4'*^*iRi8*^ ?.;fe(c®r; 
■SB 2 /w :;^16©*^ KH52tt. II 2 A^f zfmz 7 7 > 

[0 0 3 6] U7U-i'hn>56tt. B2A'f ::'"16i:|5ltt 

io Ti^CiSgs^i/, ^m.Mii^<bmnrzMmMz^-Dxm 

.U e.tl-SKS/t'f X58<&t»^5, MSA-f ^58 tl^'t-r 
* ^ TX^A-f X38i 15 e^/h^ L^itg* -S^ic© 
U >^tSMji«S62*t. iSSeOffiiCSSA-f y58©*^J- 
©^tcESSn-S. «54lC®1-?)«^A'1'7'580#^J- 

^«jc*5ViT> ipft^tSitciRjtifcjj^ >X/H -^mm^ 

«2«S3}?>y (S^-Sf) ©iJ-i'v'aVgPi^fc^at- 
«. 

[0 0 3 7] ^2A'f7l6t::.B-rSffl!lO«S54«> M2 

iO yl-f 7'16i:|s)'i:--e^-nj;0/jN$t^itS?£:*T5^aiA'i- 
7'66S3^}tT5. K^5"^>A*-12©'flc§^^ffi-5*im 
A'-f ^'^SSBttgSUe.n. ^ffiA-f:^66®t»cEitSnA: 
'J>^!K-1':r>tttiilg67S^gJ#t. <ftfflA'r:^66tt-€-© 

[0 0 3 8] 02fCS^-rJ:5fc, «ifflA'f7'66©B!^Sffl 
SSt iJ >i'«-l's|->«^aiS67©'J >i^!KraPg|5lCftAA 
X68*^SAb. ftAA-f 7',68««^aiA'f 7"66(C|Bltt 
■p. :t > k*-i»;i«*^g'^ W\*-12A» e.Mta/'^-l' ^66 

Efi$tlgA/t'f7'68©iSa5tt. ■^ni:|slfi!!©-i':t>7 
-r>-kVH^>X(ioD einzel lens)69 (c5(DHSn. 
©'f:t>7'f >-tf;H^>X69ll M)«*5iSV^fc'f^n^ 

D . ifefflA-f •:fmz^Wz:mw>z9vm\z^^-2f!L 

[0 0 3 9] ■ii!-y7^y'^)VV>xm<D^-ty%^^ 
mt. fiA/w:/68©ifat-s6:-r5. 'f^>7'f>-i?Ji' 

l/>X69li. tii^?i^®?l)i*-€ffi71©t$gg^^70©Mi!i: 

-5. ff^R15iKIKia70tt. 3cm©^1-g€:W 
U M!lCW®-Dfc*7-72*«;^. *7-72®l*gg 
tt. ;t7 7-69b ©f^StSA/WT'esrortgt-ab, 
*7-69b *^5*7-72©SBSItt, *^9=Y>A'-12f^ 
(CEffl$n;tSAA'f 7'680«gf 7-69b ®®»IC 

-ifc-r^. j:©;it«. 'f:t>7'f >-if;H/'>X69®§ 

-f :t»t«ItcSit;5lR)t-C"J>i'69b t3?^-rs 

[0 0 4 0] $^tt, '^'^m^wMi^tmmmum 

50 ttW73*t2:©KBrttcE®$n. ^-wRj^EiiroMP® 



( 



f 
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> 7 -f >-tf JH' >X6M^ e. nfi Kii70©^gB 
\i. r®Kiii(C|iI$ft®aii!JJg§lji*-Sffi7iro^S^Jg(fru 
stuiii-shaped)5^y:/76fCi-3Tlfli;&n-5, ZOfy-;/ 

iSgli, 'f^nfS5*ilZH7OAi^itl'i08#?^5'y7'76®« 

CO 0 4 1] Sfc, 5lji*«ffi71®'^?5P?1SttKa70 

(i. t1'SfltS!KEii70(D^1-gi:0«T;*:tt^l*lSS*t 

ni>m 2 yi-f yi6®fe^Kii82B, A-84t± 
o SffiBKTl^ C ens. ^^S?' V >A'-12(ClSH,5fc 
>iA-84C9rtffl!lB, 02ic^1-J;'5tc, ^2;W:/I6ir 
l^*fi&e¥^T3ljii*-«ffi71(Ct>llilT, 5l3i*«ffi71® 
'*'^R|S|Kil70t|^i;itSS:*-rs#|fiIflffi88®>f>^n 

[0 0 4 2] ;<JA'-84;J^e.;Sl'5^gBT. WlRimSBSWil 

m^y ygotcjco T4'$Ri5ttEH86*tgB u sn^.. 

g{C-S:-r-5. *^5:. jt!flRl«MS88©f ^P3i8IKiS86«, 
[0 0 4 3] ?liai*S»l®^|#Jg5^u/7'76tjttlRl«ffi 

isom^m^v -fmt, fa i z'?^ ::/'o«i5tBiL/TSii 

ic*f*^iceaH$n-5o 5ij2^*«S7i, M[fij«iS88. Riy: 

«:®Jg^®S80i:94S. ■?-ne.tiftt®+^R1§i»«v' 
tt. *;\'-84tSA/W7'66©'<-Xt3E^^rn. -?-® 

[00 44] «^'*ffi«18®'^''T?. #flv'-;l'F96fi, + 
■\' U-\'-:<f:^i*S®f::d®*«6<J(CRJg®AaWP^98 

(A;i'://X;P40ir®L.. ^ i /t-T :/i4©tti5i:i^ 
'to , :^^-^'J1'-:*/XSg®fci!?)®*SMlcRjg®WPga 
□SS98 (3li;W:/i4®TMKHfcBb. l^^t^i/"? 
■I'T'MWfaiStlBl'W . U-+f-b*-A®;fcJ6®*»W 
IC RJg® An M ngP102 1 /H 7'14®$615 1 ^ 2 /I 
'ryi6®|t|17®i^:^lcB^75:|Rl^O«il06 tH'W , 
OtL'— lf-tf-A®;fc*®*HWlcn}g®taaHPgPiO 
4 (APHPS5®S«fflCfiSL. I^^CipftlOe 

[0 0 4 5] ttl06 «, AjVXU— !f-108 
WN*-12®^fcBett) ®3tttT*»). -t®!^— 
AllO tt. U>X114 (W— »f-108 ^:^fftl06 ±0^ 

ii2®mtwEg) iri-^TH^iie (tti5. 17, M^m 
o^!^\z&mt^) itm*^.nm «^5^a'>/'n*-i 



(8) !|$M¥8-2 2 2 1 8 1 

112 o]^Mi\tmf^^2Mm m-oXMUM^ 

5^-fr>y'?-12$lB5. 

[0 0 4 6] Aji/xu— tf-108 a, ;\';i/::^yx;i'40i^ 

jI/40t|^|I^S1l--5^i:*^"rtS. 0i|^tf2 1 0 

-4 0 0 nin®J:'5*#:£®«fil5ffiF«9T?l^— if-108 

®£iJ:t»^STfJAa 1 ~ 3 m J ®y'?;UXX4^;l/:¥-S:^ 
10 f&t^. 

[0 04 7] :^%^(D:^m\t. =^^r^}^r-:^7,^<D^)■y 
:/';V4}'^=^?£^tBT'5fc*0*l!HJ®SSS:ffll^», '■k(D^ 

^izbx^mtn^, mw\z. >A*-i2*im i 

M^t^y:f\z^-oT. «SA-i'::/58d<|g2«^j)<>yc 
itjT-SK-^-n-fninai o-*pa (io-«5'ja- 

[0 048] iikat^t-iryzf)iii^i'^-^id inrz=^^ 
Ut-;yx m. 7)V:iy) ii\ ^^'i'V-liT.m (0 

ir±oTA';i':/yx;i'40€:Mt^^). -r^t 

ia<lc:«Ji&^-i'>46®E:^jPo (R 1. 0 13X10 
» Pa (l^flE) ) ®*-vU-^-;<fX*t. itSD m> 

0. 5 mm) ®A;i'://X;i'40®ajPWP^iB445:JioT 
^S?'^ >A--12tggtiiL. -enCioT^ 1 A-f T'M 

>'-'N*-i2i^T56^-rs. 

[0 0 4 9] J:®=^^'J-^-;yXB^120 fi> {llPllBPgB 
44^^e.XT ®ii«l®ji<*-e3iZ/^.a)^«'V->122 

5^7 t. T^tSLWV-yvi2 \zm<&iamnm^i)^^-s<b\z^ 

Viig^x®:$i-^H-Ay->124 :*^?,;^So 

>122 \t. z.(r>'/—ymzii\^'^xwM7iti^§i<ts.z>\z-o 

T-r5#m*«*-5. j:®U->7';i'4i-^o?&«iB*i!HIEil 
#|!c3fe^^:^>'ffc (resonance enhanced multiphoton io 
nization) ffljiffl®75:tolcMSL<, a^jiffiS 

40 [0 0 5 0] B'T:t®ffiS8xT c^-Tntf, 

^lf-A'y->124 CiJl'iT, tBPWPg|!447!i^e®]Eat 
x;4^^e>(Cfi</feoT'b*^Ut-:yXsSl20 ®^*® 

xm20 ®RilJ^^»»cJ;-3TiS^x®z:«fcjSifc0ilL 

[0 0 5 1] L-75^L?i?5^*e.. ^^'^)■y-i17.t^n\zii 

50 aaa, «^ta®SH«^iB*nsi^^©^stc*« 



(9) 



<^m¥8-2 2 2 1 8 1 
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[0 0 5 2] rr-??. mmfkmimmxi ©soicis*! 
-f-Aiio fflji;Siii6 *t>''?jp::/>'X;i'40©fflPfflPSS 

-;yxm20 ©ii«#y->122 i:^^^t'-Ay->12 

y XMOiimm:^^^ tr ess ns . 

[0 0 5 3] /XMOa. ^«v-;l'H96(CS&i'Mn5 

0^1-g£*1-5?5:e.ti. yX;i'40©fflPMPgK44i:^;S 
116©W®EBf (i*<t-€- 2 c mSTM e.-r iiT^/if # 

-5, SigJEiixt tt, >'^v^:/yX;^40$#i!I$•^^■. U7 

[0 0 5 4] AndersoDiFenDlCi^i:, yXMOSiiji 

<t5lC, yX-'l'SSD (cm) RUJXMzmM-^ni> 

S.R. Goates^ C.H. Lin, Applied Spectroscopy Revi 
effs.25#> 81~126 H) . 
Mi = 1 3 3 (Po D) <>■* (1) 
VryASli. IifilfM!ftS2jii:^0fW?S#)i©JtTab5. 

jJcscict ry x;Mo©tH p BB pgp*^ 5. ©sg» X tM^s 

M = A (x/D) •-' (2) 
3. 2 6T?$.-5. 

[0 0 5 5] (CflJS-rSSggSxi tt, 

^nmr7^mi)^±i^^^^?&mz-^t^. 

(2) ©T-;;A|^M(Cft*^T-y/\|S:M7 Sf^Ab. Mt 

©it (1) ®;&3a(cSt^;?.5c:ttcJ;tjr*»€.n 

Xi = 2 6 0. ePo'-'D' s 

CCir, Po «5tJI. DttcmTSSn. XT (icmT 

yx;ncigffl-r-5)i. oisxio' Pa 

(l^E) ©JE:^i:0. 0 5 cm©yX;HiSJC*<'i 
[0 0 5 6] •1":tMty'->126 i:ffiPBBPS544®ffl© 
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^. 'r:t>"fb'/->i26 ttfiaMP«lf44®M{c$^lcK 

[0.0 5 7] ;:tiir«L. ^■v'J-\'-;yx+®i}->::''Ji' 
4^^s«ffl-r-5fc»®*^e^®^sip®wiH®ffi«ifc* 

1>T, 'f:t>'ft:7->126 tillPBgPgB44®m®T:&S§ 

Ji9 ^m->-;PtJ96®^g®;!^ltioT*HW{C«|(E^n 
■5. c:®J:i:H, /XJI/40®aiPMPS&44;5it.¥l^EI8l 
x®-l';r>-ft;7->126 ftjSJ§SSxi IC^U<Xtt 

[0 0 5 8] 7;i':^>=1^'\''J-\'-;y7.ic^v>T, ^SJAIJ 

1 0 0 iii0>(Dyxmanm(o^. ^ru^-iJxmi2 
0 it^i^mm^t^. ^titnmzmms. m^-tt 

l/— tf-tf-AUO *t«4»T5^g;Sill6 ©ifiaao-f:*- > 
PI) (Cj;oT-y->:/;bi>^®'f:t>'fMS+¥'J-\'-:yx 
±®3t^&®iK1-sri:tajgiKIBC(Ei^L. Jfet^T^ 

[0 0 5 9] il©?^^:^^!:^, »Ji^jfiafC>^l'» 

T^:i->jby->126 ©;^tS©liUOi:, #StWnc^ffi 

30 :/n-fex®ii«®iiJn*«#e.n5. sfc. 

-i':t>'fb>/->i26 ©w— »f-x^;p:^-^S®M^lc 

>'fkgi^&js«-r'5;5:». x^ii'^-^^^'^mizTif 

[0 0 6 0] -f:t>'fb7->126 ®-y->7';p^j'?H:fei|§ 
^;i/^-;«J^t^x:^jV:f-Xli-e©/jN$;^-€-©8ISf&*^ 

40 ?,^nsi, it-^i:iaet^i'v©fe#?s$fi!oT-9->y 
[0 0 6 1] m^x^)v^-\ti^^\z&^r$>i>rzi6. 
tf-108 ©Sfi^^bttitjTS^WiC'f^Wb^n 

*«wc-e©tt©itA;^[fi]t. An?L782:a-9T?i 
)i*sffi7i©'i^ir?i5ie.n^, 02 (i, ?i*««©^m 

fiffil28 *i:*©»T. ^«&S128 t^t>^^:i-ym 
50 ?S130 ^EfS^CH-e^RLTt^S. 
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[0 0 6 2] ?liA^^iS71t^t|6im®88©^^SSfa(C[Hl 

CO 0 6 3] D-y:f)Vi^'iF<D^tyit<om\zm^'^miii 

?L924a-3T*flRlliffi8804'IC?ltjiSn, 

lR]«S88oaffi(OJ1.coie^i:^<«35L;/ii>o ?ifiB)«ffi 
88«. ^©«®®S«g*^?lia:*mffi71(D;^tC|6jHfc^M 

120 icsja-B-r. ^^u-v-:^7.i&Tx\i^m^^^)^ 

[0 0 6 4] nmz. 9l)i*«ffi71tt. -€-©«@i©S« 

®->-;>H96ro:^t?i;^j€«fcJ;oTJnji*ti. c:®^ 

[0 0 6 5] :^ffl«fi:©^«Jg^®fii80t94IC<toT, 
§Ii&^flS71^miS^f£tt@80©rBl. %i;:^|nim@88j: 

««}g]ES«ffi94©fa©®^«fiHi28 «jEE^$n. -en 

^ti«l#)^9'-;/7'76i:90©^«©^(.;!>iJ5!W!KKj2:;«S5 :i 
Lifi-Qt^. Z.(DZ:t\t. ?lji*«S71<tMlp)a®88© 
«3i8!l»©«l«ElC3|l/itt$©^ilftSl28 Sfefc^b, 

Sfc;i©j:t«. -ityitV-ym 0xy'ymm^<^ 
(D-<j-y:f)V^T-ity(D-it>mm30 c©«© 

>&|S]|C;0^^!?©gSt#ff-r-5i:«'^o^cS^^lil/, :i 

©fc!ii)i}->:/;i^^'f :t->*ua?L78$aoT5i3i*-« 

[0 0 6 6] ^i^^a^oiHie^twiCcto. -r;i->«i3 

0 ?ljii^»-«Srt©5l)i»SS710jafffl±©*®35^ 

TS^^s. »fiv'-;n«96tt. /;2:;wo*^5i:^3««©ia 

iX^«@{r^$i;?S:»(filSji88. Rr;e«?^^«a8o,h94 

^^ffit^ABfTj^ ^m<Dmmwmfs.mm\z^m 



) !t$M¥8-2 2 2 1 8 1 
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«ffi8o<!:94*^'tiis^n, ^\^mmt%mx'ti\,mi^ 
^M©^fiio©S8« tif i;-e»-5. 

[0 0 6 7] 0 3lC*V^Ttt^«{47-l'>128 !4?lHie*f 

$};irj£*?e.;Sv^;i<!:*iW»c^j'*i5, :L(DTctb, ^^y 
)SK130 ^)^/2:§|ji*«ffi71®ISEItt©^Dt>t*fi;(c;if. 

•f, &i,^mzi:^x\t'&y:^}\^^'<tyifi^tym 

mm7\z3m^-r. xw^yi^i^hoys&op^a/u-f 

56IC d ticilsSfr^ c: t*<ib-5. cinicjt 

U 01 i:2fcSl,fcS8«tC:fel'iT, 

tStHli:D, 'f:t->i!SKl30 5l3i*SS71©«W± 

®*MWIC-^T. Bp-&-1':t>7'r>-1f;i'U>X69®^l 

*^®i?efiffii3i ^m^x^t-ityj^ yi^ivuyx 

69©«S IC ck TA □ /H T'aSWttCtJeo T 'J 7 1/ h 
D>56®fftCWC$n-5. 

[0 0 6 8] ^,'S74Sae.-f> tiEt5T-l':^->7'f >-tf;l/ 
1/ >X69(C T UyU^hU >56©tt(r¥fT{C$ n/S 
o fc-y- > -/Jli^f-U, m a Wft^73 1 J: o T U 7 1/ i/ 

hD>56AP>'t-i'7'68i;:ie':^tt/j:<3n^. sfc. ma 
wft«i73tt. :^vu-v-;«;xs6i2o xBjif^g'^^A*- 

124'©S#:yx®4"tt<Sii?;!)t5|j2,^l:®715:®oTU 7 

k i7 h u >56 ic A 0 c ©*^2:S < -r-s <fc 5 

[0 0 6 9] 'f:t>7'r>-tf;H^>X69lCj;S'f:t>^ 
K130 ©*5^fffttt> 'f:t>y->126 (DlKii^Kli)^ + 

■^^ Uir-;*f::^m20 ttfc^E-r.Tfc*ttT-ft< p-^Xif-A 
110©Jfett{C-?-3TJtiD-r§J:t$:Brt6HU. «eoT. 
mWlOOmSt*^. APA'f:/68Srat>TU 71/^7 hn> 
SSfcSAn^.n-S'l' :t>b'-A®^il!;*5ji:^-C7i< T^) 

[0 0 7 0] AP/1-1'>'68^aoTU7U'i' hn>'56{C 

A■^fc■9■>:3';^^>^'f:^>t±« «Siti-«3t«ri^ttS/i 

•I' 7'66^&. 'A^^XM^^^r >;N*-12IC[pHr»fcKS;U T' 
58©i|ii^©«f©i|i|ii^«?£jtfT-r5, CWffiBI&Jllff 

©iDiiicioT^fcjigicj^it^sjL. s^oT-y->7';u^> 
^^tym&f>m<u^tmm^, 

[0 0 7 1] il«S(field-free)fi«©JISffom, 

M^f^y/'^-i2t)^i(ommAmtt^'<!(Dmmn. 
m&2tm(Dmmm2xmmzm<fir), z.<dxo\z 

« jS«a62ttit Af 5 -f * U T-iil 

(c«jim«^»4-r^). ifflMi^^^c^viT. it>7 
ji^^T-ityii. mumizmt^ixm^n. •A'^^ 
x^mmf)^<E>mm-i ■:fGm:^mzn&iMm-^n. u 



( 
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CO 0 7 21 ■^>:f)Vi^=i-'it>\i-iSi\Z. <j7Ui7h 

[0 0 7 3] ffi^/y-f X<JDJt*36:^-r?)fc*, ^iS:® 

[0 0 7 4] ^v^T.^^ h;H32 H. 2, 5->'i' D D hJl- 
X>©'f:j->flj?iSsp**S5V>2 7 9. 6nm©U— tf-jS 

-f:t>.^ffl§567fc:feV5T. ^n^'ni 6 0. 1 6 2, 1 
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